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Abstract 
 
This study presents the results of testing the shape index, number of graphite precipitations, and longitudinal ultrasound wave velocity with 
wedge castings used for production of samples for the assessment of mechanical characteristics. To differentiate values of the parameters, 
the castings were made at the same time as the production castings. The data obtained were used to establish the relationship between the 
ultrasonic wave velocity cL, the shape index SS and the number of graphite precipitation NA. 
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1. Introduction 
 
Increasing requirements towards spheroidal cast iron elements 
demand non-destructive diagnosing of microstructure and me-
chanical properties, with the main focus on tensile strength. The 
traditional method for evaluating microstructure and mechanical 
properties of wedge samples, used in Polish foundries, is not 
satisfactory for many demanding customers. They usually deter-
mine the places in the cast that require the ultrasonic evaluation 
and define the range of velocities of longitudinal ultrasound wave 
that guarantee the required microstructure and mechanical proper-
ties. Working out, for a particular foundry, the relation between 
the microstructure and the velocity of longitudinal ultrasound 
wave and the mechanical properties may become the basis for 
acceptance of spheroidal cast iron elements [1-8]. 
The way the cast iron is manufactured influences its suscepti-
bility to ultrasonic diagnosis; therefore, the relations worked out 
for a particular foundry are useless for another [1]. 
On account of the above, the aim of this work was to deter-
mine the relation between the velocity of longitudinal ultrasonic 
wave cL and the shape index SS and the average number of graph-
ite precipitations NA in the foundry METAL-ODLEW Sp.J. 
 
 
2. Experimental conditions 
 
The tests were conducted on 19 cast iron melts of the fol-
lowing composition: 3,5-3,8% C, 2,5-2,8% Si, 0,40% Mn, max. 
0,07% P, max. 0,023%S, 0,2-0,3%Cu, max. 0,06%Cr, 0,038-
0,050%Mg. The alloy was prepared in an induction furnace PIT 1,6. Spheroidization and modification of the case iron were con-
ducted with the FeSiMg9 master alloy in the KOZ-Q-2Mg ladle 
with crucible top. To determine the influence of the filling time on 
the cease of spheroidization effect, and thus the change of graph-
ite precipitation shape, the wedge forms were filled after different 
times of keeping the liquid alloy in the pouring ladle. 
The feeding elements were rejected of the castings and plates 
were obtained for testing the structure and ultrasonic wave veloci-
ties (Fig. 1).  
 
 
Fig. 1 Wedge casting for testing 
 
Velocities of the longitudinal ultrasound wave were measured 
with an Echometer 1073 VS with a head 10.4/6 PB 4.  
The microstructure was examined as metallographic polished 
sections prepared from each bar sample. The sample bars were 
intersected at half the length of their measured area, in a plane 
perpendicular to the sample axis, using a metallographic cut-off 
machine with a water-cooled Supra TRD 15 type disc. The sam-
ple surface was polished with abrasive papers of 150, 500 and 
1000 granularity and with a disc having a 9 μm granularity dia-
mond suspension. Quantitative structural analysis was conducted 
using a Neophot 2 microscope fitted with a Videotronic CC20P 
and the MultiScan v. 08 advanced image input and analysis sys-
tem. The microstructure was observed using non-etched polished 
sections. The quantitative structural analysis consisted of evaluat-
ing the shape index of graphite precipitation Ss (defined as   
a quotient of the surface area and the graphite precipitation square 
perimeter) and the average number of graphite precipitations per 
unit surface NA. For each sample, 600 graphite precipitations at 
randomly selected fields were analysed. All particles larger than 
10 μm were analysed. The measurement was conducted for 10 
randomly selected fields of 0.15 mm
2 surface area on each sam-
ple. 
 
 
3. Experimental results 
 
Results of measurements of ultrasonic wave velocities and 
quantitative structural analysis have been presented in Table 1.  
 
 
 
 
 
 
Table 1.  
Results of longitudinal ultrasonic wave cL, graphite shape index 
SS and average number of graphite precipitations per one surface 
unit NA in test bars 
No.
Longitudinal 
ultrasound wave 
velocity cL, m/s 
Graphite 
shape 
index Ss
Average number of 
graphite precipitations 
NA, mm
-2
1 5636  0,063  139 
2 5639  0,064  142 
3 5644  0,065  148 
4 5649  0,066  155 
5 5651  0,067  163 
6 5655  0,068  171 
7 5658  0,069  178 
8 5664  0,070  186 
9 5666  0,071  191 
10 5670  0,073  200 
11 5674  0,074  215 
12 5678  0,075  222 
13 5681  0,076  232 
14 5687  0,077  238 
15 5690  0,078  246 
16 5691  0,079  250 
17 5695  0,080  257 
18 5699  0,081  267 
19 5708  0,082  273 
 
Relation between the velocity of longitudinal  ultrasonic wave 
cL and the shape index of graphite precipitations SS has been 
presented in Figure 2. 
 
 
Fig. 2. Relation between the velocity of longitudinal  ultrasonic 
wave cL and the shape index of graphite precipitations SS 
The expression describing the relation between the veloci-ty 
of longitudinal ultrasonic wave cL and the graphite precipitation 
shape index Ss has the following form: 
 
cL =3511,5 Ss -5415,3,   R = 0,99  (1)
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cL and the average number of graphite precipitations NA has been 
presented in Figure 3. 
 
Fig. 2. Relation between the velocity of longitudinal  ultrasonic 
wave cL and the average number of graphite precipitations NA
 
The expression describing the relation between the veloci-ty 
of longitudinal ultrasonic wave cL and the average number   
of graphite precipitations NA has the following form: 
 
cL = 0,4804 NA – 5572,2,   R = 0,99  (2)
 
The results obtained are characteristic of the high values of 
the correlation coefficient, which suggests that they are useful for 
the needs of the foundry where the tests were conducted. 
The results obtained were used to establish the dependences 
necessary for the assessment of the shape index and the number of 
graphite precipitations per surface area unit from the measurement 
of the longitudinal ultrasound wave, as well as for development of 
appropriate nomograms for the needs of industrial practice (Fig. 
4-5). 
 
 Fig. 4. Nomogram for assessment of graphite precipitation shape 
index SS from the measurement of longitudinal ultrasound wave 
velocity cL
 
Fig. 5. Nomogram for assessment of the number of graphite pre-
cipitations per surface area unit NA from the measurement of 
longitudinal ultrasonic wave velocity cL
 
4. Conclusions 
 
Graphite shape index SS and average number of graphite pre-
cipitations NA of the spheroidal cast iron manufactured under the 
conditions at the METAL-ODLEW Sp.J. foundry are in linear 
dependency with the longitudinal ultrasound wave velocity. In-
crease of their values is accompanied by an increase in the longi-
tudinal ultrasound wave velocity in the spheroidal cast iron. This 
dependence is characteristic of a high correlation coefficient. This 
proves that it is possible to use it in practice. 
Nomograms have been developed to assess graphite shape in-
dex SS and average number of graphite precipitations NA from the 
longitudinal ultrasound wave velocity. These nomograms will be 
a basis for acceptance at the non-destructive quality control   
of spheroidal cast iron castings in the conditions at the METAL-
ODLEW foundry. 
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